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ABSTRACT
Fluorescent dyes tend to fatigue when exposed to
short wavelength radiation. Since all work is not done
at one pH level, it is necessary to know how a change
in pH will effect the fluorescing characteristics of a
dye. Of particular interest is the effect on fatigue
as a function of time. The shift in spectral absorpt
ion with varying pH was established for fluorescein
dye. Its increase in fluorescing intensity with in
creasing negative ion concentration was then measured.
With increasing exposure time the pH's of 6.0, 8.0, and
10.0 gave indications of fatiguing while the pH's of
2.0 and 4.0 showed no change.
INTRODUCTION
In the field of microscopy there are many varied
techniques for making an organism visable. One of the
more prominent ones today is the application of fluor
escence.
The primary activating energy of a fluorescing
substance is radiation in the blue-violet portion of
*
the spectrum. An efficient source for this purpose is
the high pressure mercury arc, which emits brilliant
lines in the short blue and ultra-violet. In the field
of photomicrography, these high intensities are necessary
if useful results are to be obtained. Since a high
intensity activating source will cause the dye to fatigue,
thus resulting in image degradation, it can be seen that
the decay time of the dye is of primary concern. This
image degradation could result in either no or a false
evaluation of a speciman. This decay of a fluorescing
material is recorded photographically as a decrease in
image brightness.2
Recent investigations in the area of fluorescing
intensities of biological stains have indicated that
they may be greatly enhanced through the technique of
altering their pH. There is no indication of any
published data concerning the possibility of retarding
the decaying effect of a fluorescent dye when exposed
to ultra-violet radiation. However, it is felt that a
further investigation into the effect of pH on the
fluorescing intensity of dyes may establish a connect
ion or relationship between pH and dye fatigue.
PROCEDURE
Dyes were selected predominently on the basis of
their high fluorescing characteristics and general use
in the field. The ready solubility of fluorescein in
most liquids, its absorption characteristics coinciding
with the spectral output of the exposing lamp, and the
parallelism of its fluorescence with the spectral sen
sitivity of the sensing device were further deciding
factors in the choice of this dye.
A stock solution of dye was prepared, 0.1 gm. of
fluorescein to 500 ml. of distilled water. To cor
relate the maximum sensitivity of the photometer to
minute changes in dye fluorescence, it was necessary
to make a working solution with a concentration of
1:4000. In order to maintain the correct pH level
at this extreme dilution, buffered solutions were used
as
solvents.-5
Fatiguing was accomplished by uniformally exposing
the solutions to short wavelength radiation (G.E. Sun
lamp RS). Following is the diagram of the exposing
setup:
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Upon completion of desired exposures, the solutions
were brought to their original volume, evacuated of any
dissolved gases, and the fluorescent intensity measured.
The measuring apparatus was designed as follows :
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1. Radiation source G.E. Mercury Vapor Lamp
(Serial no. H-100A4/T)
2. Heat Reflecting FilterB&L filter # 90-6
3. Primary filterB&L filter # 90-1-460
4. Kodak Wratten # 35 (gelatin) used as an anti-
reflection filter
5. Speciman cell 1 cm square Beckman Spectro
photometer Cell
6. Fiber optics probe
7. Secondary filter Kodak Wratten # 4 (gelatin)
8. Photomultiplier Head
9. Recording instrument a 700 Log-Linear Photometer
(Serial no. 778)
The filters used were carefully selected to restrict
the passage of only certain wavelengths at the various
points. The wratten 35 filter should be particularly
noted since it prevents fluorescent radiation from the
cell from striking the primary filter and being reflected
back into the cell. The spectral curves for the filters
are given in the appendix. Knowledge of the radiation
passed at various points will prove useful in under
standing the results.
DATA
The. following data and graphs are the basis for the
conclusions reached in this experiment.
Relative
pH Time Intensity
2 0 40.0
0 40.5
0 37.5
2 41.5
2 38.5
2 41.5
4 46.5
4 44.5
4 47.5
6 42.5
6 44.5
6 40.5
8 47.5
8 51.0
8 44.5
10 42.5
10 43.5
10 38.5
4 0 22.0
0 21.0
0 24.0
2 19.0
2 18.5
2 22.0
4 28.0
4 26.0
4 28.0
6 21.0
6 20.5
6 21.0
8 25.5
8 22.5
8 27.5
10 22.0
10 23.5
10 23.0
6 0 26.0
0 26.5
0 24.0
2 26.5
2 24.0
2 28.0
4 23.0
4 23.0
4 27.0
Relative
pH Time Intensity
6 6 21.5
6 26.0
6 22.0
8 17.5
8 21.0
8 27.0
- 10 16.0
10 16.0
10 17.0
8 0 25.0
0 24.5
0 26.0
2 22.5
2 26.0
2 23.5
4 17.0
4 17.0
4 18.5
6 12.0
6 17.0
6 15.5
8 15.5
8 16.0
8 13.0
10 /7.5
10 11.0
10 11.0
10 0 26.5
0 30.5
0 27.5
2 30.0
2 26.0
2 26.5
4 19.5
4 22.5
4 21.5
6 19.5
6 18.0
6 19.0
8 18.0
8 13.5
8 19.0
10 14.5
10 12.5
10 12.5





RESULTS
In reference to graph # 4 it is observed that
while there is no trend in the plot of Intensity vs
Time for the pH's of 2.0 and 4.0, a trend does exist
for the pH's of 6.0, 8.0, and 10.0. Further obser
vation of this graph, and a comparison with the graph
on spectral absorption (graph #2), indicates a
relationship between the initial fluorescent intensity
and the spectral absorption.
In the interest of clarity, the basic character
istics of each pH level will be briefly discussed.
Following, the relationships effecting all pH levels
will be examined.
pH of 2.0 and 4.0 A regression analysis indi
cated that a linear relationship did not fit this data.
The only observation that can be made from these plots
is that there is no indication of a change in fluor
escent intensity over the exposure period of ten hours.
(See graphs 10 15)
pH of 6.0, 8.0, and 10.0 A regression analysis
indicates a linear relationship, between exposure time
and intensity, with negative slopes of 0.86, 1.53, and
1.56 respectively. (See graphs 7, 8, & 9) It is
evident from these calculations that there is a defin
ite decrease in fluorescent intensity with increasing
exposure time. (See graphs 10- -15)
An understanding of the inner relationships among
pH, absorption, and fluorescence will indicate why
the
data gave the above results. Graph # 2 shows the relat
ionship between the spectral absorption of the dye at
various pH levels and the output of the exposing source.
Fluorescent intensity is greatly enhanced if the solution
is acidified. This is not caused primarily by increased
fluorescence but by increased absorption power in the
near ultra-violet.
Calculation of the relative energy absorbed indicates
that the 436 line of mercury is the most predominent.
It is seen that when the peak absorption point of the
dye shifts to this area of the spectrum, the fluorescent
intensity will sharply increase, as illustrated by the
pH of 2.0.
It should be further pointed out that a high neg
ative ion concentration will enhance fluorescence."
However, this is due to a more efficient use of the
energy absorbed. Comparing the graphs representing
energy absorbed vs pH (Graph #2) and fluorescent in
tensity vs pH (at zero time) illustrates this point.
While the absorptions at pH's 4.0 and 6.0 are higher
than those at 8.0 and 10.0, the fluorescing intensities
of 8.0 and 10.0 are higher than those of 4.0 and 6.0.
Thus it can be seen that any measured fluorescent
is due to a combination of effects from absorption
and negative ion concentration.
8CONCLUSION
The experimental findings presented in this report
indicate that, over the period of time investigated,
there was no evidence of dye fatigue at low pH levels.
As the pH increased there was a definite decrease in
fluorescent intensity as a function of time.
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SENIOR RESEARCH PROJECT
Donald Miraco John R. Pierce
In the field of microscopy there is a definite problem
of descriminating between certain areas of interest in a
speciman. This problem is often coped with by applying
fluorescent staining techniques. Since many organisms have
a characteristic affinity for fluorescent stains, this tech
nique renders them most visable when illuminated with Ultra
violet radiation. However, a disadvantage of this process
is the decaying effect of U.V. radiation on fluorescing
stains.
Therefore, our objectives are;
<1) To determine the rate of decay of a fluorescent stain
when exposed to Ultraviolet radiation.
(2) To determine the effect of change in pH on this rate
of decay.
We intend to do this by the following general procedures;
(1) Staining clear pieces of gelatin with a pre-selected
fluorescent stain.
(2) Expose the stained gelatin to UV radiation and photograph
it at specified time intervals to record the dye fatigue.
(3) Process the film ourself maintaining A.S.A. conditions.
(4) Read the resulting densities on a densitometer and plot
the results in the form of density vs increasing time
of stain exposure to UV radiation. Density will be
the dependent variable.
(5) The pH will then be altered to see how it effects the
plot of the above derived curves.
(6) From this we hope to be able to determine the optimum
controls for obtaining acceptable photomicrographs , such
as finding the best combination of decay time and pH#
-2-
(7) Time permitting and if preceeding works indicates it
would be more informative to continue this investigation
into the area of color photography, the preceeding
procedure would be for the most part repeated. The
more complex problems of using color are realized and
this is what directed us to proceed with a black
and white investigation first.
